: Dihedral angles between the Cβ-H bond and the p z orbital axis of C 1 (θ Cβ ). • to the di-iron cluster 1, 2 alters its relaxation properties at 80K so that the Y 356 • can be monitored directly (Fig. S1B) . The freeze-quenching times are shown next to each spectrum. The EPR spectrum of a hand-quenched sample (30 s) with its corresponding simulation (black line) is shown for comparison. Simulation parameters are given in Table  S2 . To calculate the percentage of trapped Y 356 •, the EPR experiments were also recorded at 20 K for each time point (Fig. S1C) . The inset in the figure shows the fit to exponential equation (Eq. 1 in Experimental main text) to obtain the rate constants k 1 (7.7 s ). Based on our recent studies, k 1 and k 2 are the rate constants for the forward and reverse PCET, respectively.
3 These values can be compared to the previous studies in H 2 • does not contribute to the refocused echo at 40 K but it can be excited by the pump pulse. The EPR spectrum of the trapped species shown in red is recorded at 70 K. Detect (D) and pump (P) frequency positions for each PELDOR measurement are displayed by red, blue and green arrows. Detect and pump pulse lengths for these experiments were 20 ns and 18 ns, respectively. Frequency separation between detect and pump pulses was 86 MHz for all data sets. Exp. conditions: shot repetition time = 18 ms, shots/point = 10, number of scans = 500. B) Background-and phase-corrected, normalized (time signal V(t) divided by the signal at echo maximum V(t=0)) 34 GHz PELDOR time traces of three experimental setups (1, 2, 3) and the sum of the three traces (C) was analyzed by DEER Analysis 6 using Tikhonov regularization. The experimental spectra and the corresponding simulations are shown in green and grey lines, respectively. The EPR spectra were simulated iteratively to find a global solution for the contributing hf couplings. All of EPR simulations are based on the detected g-values from the 263 GHz EPR data shown in Fig. S6 . The hf tensors obtained from simulations of the 263 GHz spectra were used as an input for the multifrequency simulation at 9, 34 and 94 GHz. The simulation parameters are shown in F-α) . The experimental spectra and the corresponding simulations are shown in blue and grey lines, respectively. The EPR spectra were simulated iteratively to find a global solution for the contributing hf couplings. All of EPR simulations are based on the detected g-values from the 263 GHz EPR data shown in Fig. S6 . The hf tensors obtained from simulations of the 263 GHz spectra were used as an input for the multifrequency simulation at 9, 34 and 94 GHz. The simulation parameters are shown in Table S2 . Experimental conditions are as follows: for 94 GHz, T=100K; π(π/2)=28 (14) H spectra contain also additional quadrupole splittings as illustrated in Fig. S12 . Left inset shows the g and A tensor directions for a hydrogen bond in plane with the Y• ring. The right inset shows the EPR line shape at 94 GHz and the excitation bandwidth at the three canonical orientations of the g tensor in the EPR line. Experimental conditions: π/2=36 ns, τ=300-400 ns, π RF = 40 µs, random RF acquisition with 1 shots/point, SRT = 5-10 ms, acquisition time = 40 h/spectrum, 80 K, shot repetition time = 10 ms. The raw data was processed by 10 point adjacent averaging.
